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The recently discovered compounds Ca10(Fe1−xPtxAs)10(Pt3+yAs8) exhibit superconductivity up
to 38 K, and contain iron arsenide (FeAs) and platinum arsenide (Pt3+yAs8) layers separated by
layers of Ca atoms. We show that high Tc’s above 15 K only emerge if the iron-arsenide layers are at
most free of platinum-substitution (x→ 0) in contrast to recent reports. In fact Pt-substitution is
detrimental to higher Tc, which increases up to 38 K only by charge doping of pure FeAs layers. We
point out, that two different negatively charged layers [(FeAs)10]
n− and (Pt3+yAs8)m− compete for
the electrons provided by the Ca2+-ions, which is unique in the field of iron-based superconductors.
In the parent compound Ca10(FeAs)10(Pt3As8), no excess charge dopes the FeAs-layer, and super-
conductivity has to be induced by Pt-substitution, albeit below 15 K. In contrast, the additional
Pt-atom in the Pt4As8 layer shifts the charge balance between the layers equivalent to charge doping
by 0.2 electrons per FeAs. Only in this case Tc raises to 38 K, but decreases again if additionally
platinum is substituted for iron. This charge doping scenario is supported by our discovery of su-
perconductivity at 30 K in the electron-doped La-1038 compound (Ca0.8La0.2)10(FeAs)10(Pt3As8)
without significant Pt-substitution.
PACS numbers: 74.70.Xa, 74.25.Dw 74.62.Dh, 74.62.En, 61.05.C-
The chemical complexity of the iron-arsenide super-
conductors has been increased by the recent discovery
of the compounds Ca10(Fe1−xPtxAs)10(Pt3+yAs8).1–3
Their crystal structures contain alternating layers of iron-
arsenide and platinum-arsenide, each separated by cal-
cium atoms (1). Platinum in the Pt3+yAs8-layers is
nearly planar fourfold coordinated by arsenic that forms
As4−2 -Zintl ions. Two branches of the structural motive
have been found depending on the composition of the
platinum-arsenide layers. The compound referred to as
the 1038-phase contains Pt3As8-layers (Fig. 1a), while
in the 1048-phase one more platinum atom is located in
Pt4As8-layers (Fig. 1b). The 1038-compound is triclinic,
while we have identified three polymorphs of the 1048-
phase with tetragonal (α-1048, P4/n), triclinic (β-1048,
P1) or monoclinic (γ-1048, P21/n) space group symme-
tries by single crystal X-ray diffraction.
High critical temperatures (Tc) up to 38 K have been
assigned to the 1048-variants, while Tc of the 1038-phase
is below 15 K so far. Recent reports suggested that the
critical temperatures are solely controlled by substitu-
tion of platinum for iron in the FeAs-layers as known
from Sr(Fe1−xPtx)2As2.4 Nohara et al.5 even proposed
that ’heavy Pt-doping’ is required to achieve high Tc in
Ca10(Fe1−xPtxAs)10(Pt4As8). Also Ni et al.2 have sug-
gested that platinum-substitution controls Tc, but the
higher values of the 1048-phases were associated with
stronger interlayer coupling by Pt–As bonds between the
Pt4As8- and FeAs-layers.
However, we have proposed another scenario.1 Our
band structure calculations indicated that the Pt3+yAs8-
layers hardly contribute at the Fermi-energy, which is
supported by recent angle resolved photoemission ex-
FIG. 1. Crystal structures of (a) Ca10(FeAs)10(Pt3As8)
(1038) and (b) Ca10(FeAs)10(Pt4As8) (1048).
periments, showing that the Fermi-surface topology is
similar to those of known FeAs-materials.6 Thereby it
is extremely unlikely, that critical temperatures as high
as 38 K occur in Pt-doped materials, while all hitherto
known transition-metal doped FeAs-superconductors re-
main well below 25 K.
In this letter we show that high critical temperatures
in the platinum-iron arsenides are not achieved by Pt-
substitution inside the iron-layers, but by charge doping
of FeAs-layers. The Tc(x) phase diagrams the 1038 and
1048 compounds are quite different and reveal that Pt-
substitution induces superconductivity at low tempera-
tures in the 1038 materials, but is detrimental to Tc in
the 1048 compounds, where the FeAs layers are doped
by electrons due to a shift of the the charge balance
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2between [(FeAs)10]
n− and (Pt3+yAs8)m−. This inter-
pretation is supported by the observation of supercon-
ductivity at 30 K in the electron-doped 1038 compound
(Ca1−xLax)10(FeAs)10(Pt3As8).
Polycrystalline samples of the platinum-iron arsenides
were synthesized by solid-state methods from the
elements as described in Ref.1, and characterized by
X-ray powder diffraction (PXRD) using the Rietveld
method with TOPAS.7 Compositions were determined
within errors of ±10 % by refining the occupation
parameters and by energy dispersive X-ray spectroscopy
(EDX). AC-susceptibility measurements (3 Oe, 1333 Hz)
were used to detect superconductivity and the critical
temperatures. Full-potential DFT-calculations using the
WIEN2k-package8,9 together with the QTAIM-method10
were used to calculate and analyze the electron density
distribution of the tetragonal 1048-compound.
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FIG. 2. Critical temperatures of samples with 1048-structure
(blue) and 1038-structure (red). Lines are guides to the eye.
.
Figure 2 shows the critical temperatures of all samples
plotted against the amount of Pt-substitution the iron
site (x). Compounds with the 1048-structure are well
separated from those with 1038-structure. The 1038-
compounds are not superconducting below x ≈ 0.03,
then Tc increases rapidly up to 15 K. This is very sim-
ilar to phase diagrams of other FeAs-materials, where
superconductivity emerges after suppression of a spin-
density-wave (SDW) state of a parent compound by
substitution or pressure. Our phase diagram of the
1038-compounds agrees with that in a recent report,11
where structural transitions have been suggested at
x < 0.025. Even though the crystal structure of the
low temperature phases are still unknown, we refer to
Ca10(FeAs)10(Pt3As8) as the parent compound. Thus
far, the 1038-compounds are in line with other FeAs-
compounds that become superconducting when doped
with transition metals at the iron site, albeit at low Tc.
In contrast to this, the critical temperatures of the
1048-compounds are the highest without platinum at
the iron site (x = 0), and decrease with the substitu-
tion level as shown in Figure 2. This is in accordance
with the fact, that critical temperatures above 25 K
occur in compounds with charge-doped FeAs-layers like
LnFeAs(O1−xFx)12 or (Ba1−xKx)Fe2As2,13 but not in
materials with transition-metal substitution at the iron
site like Ba(Fe1−xCox)2As2.14 Thus, charge doping of
the FeAs-layer would explain the higher Tc of the 1048-
compound, and also the decrease of Tc due to overdoping
by additional Pt-substitution at the iron site (Figure 2).
It is important to point out, that the platinum-iron-
arsenides are the first compounds in this family with
two different negatively charged layers, and the ques-
tion arises, whether the electrons provided by the ten
Ca2+ ions are equally distributed to the [(FeAs)10]
n− and
(Pt4As8)
m− layers, respectively. This charge balance is
obviously present in the 1038-compound that shows the
typical properties of (FeAs)1− layers in other compounds.
From this we infer that the 1048-compound experiences a
charge imbalance between FeAs and Pt4As8, viz. charge
doping of the iron arsenide layer. Thus the very different
behavior of the critical temperatures is caused by distinct
doping scenarios according to the following scheme:
Ca2+10 [(FeAs)10]
10−(Pt3As8)10−
Pt-substitution ↙ ↘ charge doping
Ca10(Fe1−xPtxAs)10(Pt3As8) Ca2+10 [(FeAs)10]
12−(Pt4As8)8−
We suggest that the charge of the FeAs layer in-
creases by the electrons formally provided by the ad-
ditional Pt2+ in the Pt4As8 layer, which means elec-
tron doping by 0.2 electrons per FeAs. This is remark-
ably similar to the electron-doped in the 1111-compounds
LnFeAs(O1−xFx), which exhibit the highest Tc at x =
0.15-0.2. Our reasoning is supported by the QTAIM-
analysis of the charge density distribution in the terago-
nal 1048-compound. Summing up the charges of the layer
atoms results in (Ca10)
13.6+[(FeAs)10]
7.8−(Pt4As8)5.8−,
thus the electrons are far from being equally dis-
tributed. Note also that normalization to Ca2+ gives
(Ca10)
20+[(FeAs)10]
11.5−(Pt4As8)8.5−, which is near to
the above mentioned doping scheme. Nevertheless we
want to remark that the term atomic charge has no con-
crete definition in quantum chemistry. For this reason
we cannot consider the above values as quantitative.
However, if our idea of electron-doped FeAs layers
in the 1048-compound is correct, it should be possible
to induce high Tc values above 15 K also in the 1038-
compound by electron doping instead of Pt-substitution
in the FeAs-layers. Indeed we were able to synthe-
size (Ca0.8La0.2)(Fe1−xPtx)10(Pt3As8) with x ≈ 0.03
(La-1038), where the small Pt-substitution alone is not
sufficient to induce superconductivity according to the
phase diagram (Figure 2). The 1038-structure with La-
substitution at the Ca-sites was confirmed by Rietveld-
refinement as shown in Figure 3.
3FIG. 3. X-ray diffraction pattern and Rietveld-fit
of (Ca0.8La0.2)(Fe1−xPtx)10(Pt3As8) (La-1038; P1, a =
8.7493(3) A˚, b = 8.7533(2) A˚, c = 10.7139(3) A˚, α =
75.877(3)◦, β = 85.295(3)◦, γ = 90.031(3)◦, Rwp = 0.016)
Insert: Detail of the crystal structure showing the eightfold
coordination of the lanthanum atom by arsenic atoms from
the FeAs and Pt3As8 layers, respectively.
FIG. 4. AC-susceptibilty measurements of 1038-compounds
with different Pt-substitution and of La-1038 with small Pt-
substitution that is not sufficient to induce superconductivity.
A special feature arises in the 1038-structure from the
missing Pt-atom in the layer in contrast to the 1048-
structure (see Figure 1). Calcium atoms below (and
above) this vacancy are eightfold coordinated by arsenic
atoms, which is not possible in the 1048-structure, where
the vacancy is filled by the additional platinum atom.
This favorable coordination increases the lattice energy,
which is probably the reason why the 1038-compounds
form only one polymorph, while the 1048-compounds
form at least three and are much more affected by stack-
ing disorder. However, the crystal structure determina-
tion of La-1038 clearly shows that lanthanum has a dis-
tinct preference to this site, where the higher charge of
La3+ further increases the lattice energy.
Figure 4 shows AC-susceptibilty data of the 1038-
compounds. No superconductivity emerges at low Pt-
substitution (x < 0.035), and Tc remains below 15 K at
x = 0.051. In stark contrast to this, superconductivity is
observed at 30 K in the La-1038 compound, where the Pt-
substitution (x = 0.03) is much too small to induce super-
conductivity. Note also that the Tc of La-1038 perfectly
fits to the values of the 1048-compounds in the phase
diagram (Figure 2), which illustrates that only charge
doping is crucial, regardless whether the structure is of
the 1038-type or 1048-type. Given that Pt-substitution
reduces Tc in the 1048-compounds, we expect even higher
values around 40 K for La-1038 without Pt at the iron
site, but we were not yet able to prepare this. However,
the finding of superconductivity at 30 K in La-1038 is
a convincing proof of our idea that higher Tc (> 15 K)
in the 1038/1048-materials can only emerge if the iron-
arsenide layers are free of platinum and charge-doped.
In conclusion, our results emphasize the extraordinary
role of the buffer layers in the platinum-iron-arsenide
compounds which, for the first time, contain a second
negatively charged layer beyond FeAs, which competes
for the electrons provided by the Ca2+ ions. In spite of
this and amazingly enough, all results indicate that the
electronic situation of the FeAs layers in the 1038 and
1048-compounds is almost identical to the simpler iron-
arsenide superconductors, thus the Pt3As8 or Pt4As8 lay-
ers with its own special structures obviously attract just
the proper amount of electrons to establish this situation.
Given this as a parlor trick of nature, it is easy to accept
that the charge balance between the layers may be del-
icate and can be manipulated in various ways. It is not
surprising that the FeAs layer is much more susceptible to
additional electrons than the Pt3As8 layer, because the
states close to the Fermi-level are predominantly from
iron arsenide. Thus extra electrons donated from La3+
ions in La-1038 move to the FeAs layer and cause electron
doping. Based on our results we can satisfactory explain
the at first sight puzzling behavior of the critical tem-
peratures in this new superconductors. These materials
open new perspectives for future studies especially with
respect to the detailed role and possible manipulations of
the charge balance between the two negatively charged
layers.
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